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Results of computations pertaining to the brilliance

of atmospheric haze and to the daytime sky are cited in the tables.

A great range of physical parameters that determine investigated

values, wh ich practically e'mbraces all concrete atmospheric

~Qonditions and various types of terrestrial surface, has been

inves t igated here.

The work is figured out to be of value to scient ific

workers and engineers employed in the fields of geophysics,

aerial surveying, illumination engineering and allied sciences.

Tables are presented in a. form handy for use.
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PREFACE

Tables of inclined visibility range and of the brilliance of

daytime clo udles s sky are the res ul t of the work that has been

carried out at the Main Geophysical Observatory imeni A.I. Voyeykov

for a number of years.

The work cons ists of two parts. In part I (tables of the

inclined visibility range) is presented a theoretical computation

chart of the inclined visibility range, and basic and auxiliary

computation tables are cited (tables of brilliance of atmospheric

haz e, of spectral atmospheric trans parency, etc.). An example is

cited of the computation pertaining to contrasts and inclined

visibility range for one of the cases of atmospheric condition.
/

The relation of the brilliance of atmospheric haze to the albedo

has been investigated.

In Part II (tables of the bri 11 iance of daytime sky) are

cited computation results of the distribution of brilliance over

the cloudless sky. Tables are given of the coefficients of

brilliance for various atmosphere parameters and albedo of the

underlying surface for three azimuths. The poss ibility is

indicated of the use of cited tables for computing brilliance

coefficients of the cloudless sky for any azimuth and, in

addition to this, a conversion formula is cited and computed auxiliary

tables are given. An example of the computation of the coefficients

of 'brilliance of cloudless sky is given for one of the cases of

atmospheric cond i tion (s ummer and w'inter conditions) for vari ous

azimuths and brilliance isophots for these cases are presented.
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Part I was written by K.S. Shifrin and N.P. PYatovskaYa,

part II by N.P. PYatovskaYa. L.K. Potyekhina, 0.1. Yeremkina,

Z.P. Koblova, K.A. Fateyeva, N.A. Chugunova and N~M. Gorb who

participated in computations and compiling of tables hnd graphs.

Leningrad, May 1958

PART I

TABLES OF INCLINED VISIBILITY RANGE

The Chart Pertaining To The Computation Of Visibility

Range And Description of Tables

The spectral theory of the inclined visi bi li ty range (IVR)

developed in (1) makes it possible to compute the IVR for various

conditions of real atmosphere, units, backgrounds and various

geometric parameters of the problem (heights z, sight angles ()

azimuths f and zenith distance of the sun i). The aim of the

present work, which is a direct extension (1), is such so that

the chart developed in (1) could as much as possible simplify the

practical utilization of it. For this purpose a number of auxiliary

computations has been carried out here in a general way. Results

of these computations are presented in the form of tables.

In conformity with (1) (see formulae (6), (42-l~)) the contrast

K is determined acc~rding, to the formula

f r 6
' , _~h().)sec9

K' "00·, )-r41 (A, 0)] E(A),e 0 8(A)dA _~
r h -

- "J.vo (~. 6) E(A) e-~o ().) sec9 8 (A) lfA +f !J (X) fo (A) 8 (A) lfA '

or by de not ing
lop-.f8 (>..) =f(k),

B . - 2Ro('toi) cos i
('to t) = 4+(3- Xl) (1- A) 'to '



-5-

we shall find

(1)1

For computing the contrast according to this formula, it is

necessary firs t to determine the val ues of ini tial para:meters of

the problem (three spectral f unc tions and two numerical parameters):

1) the curve of spectral sensitivity of radiation detector -8(>').

This ini tial curve determines the sphere of values')...,

according to wh ich int egrals are comput ed in K. For example,

this curve is shown in (1);

2) the curve of comparative spectral brilliance of an object

"0 (>';0) I for a given sighting angle e. For the orthotropic

surface rai is not related to 8 j

3) same for the background;

4) optical thicknwss of the entire atmosphere in the vertical

direction ~ for )'0 === 0 550 p.!, I during the observation time;

5) horizontal vis i bility range of the black body $0 \ at the

sa:me moment.

Formulae in (1) m.ake it possible now to determine remaining

functions according to the values Sol and 'to,i and also according

to i, e, If illumination E (t.)}, spectral 'optical thickness of various

air layers 'thO (),), and the haze brilliance D(') /1\0 •

The most labor consuming is the computation of haze. The

brilliance of atmospheric haze is computed for

the eight atmospheric conditions ('to = 0,2, So = 50, 20 \
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10 K.At; to = 0,3, So =50, 20 I and 10 lot;1

1"0=0.5, 5
0

= 10 and 4 10£)', / for the four zenith distances of the Sun i

(20,40.. 60,80°),/ for the five sighting angles

for z <. 10 K"I£/ and for Ithe f our albedo values A (0, 0,5, 0,75, l,O).}

For A = 0,20 \ the tables D are computed in (1). Computation

res ults of az imuths (~cp) 0,90/ and

Tables D.

180"/ ( Table 1) are cited in

In Table II are cited meanings of value T of the spectral

transparency of the atmosphere for various levels above the

Earth's surface

it .

T - -'0 (~) sec 8 ;'-e .

The meanings are cited in the domain 0,4 <. A-< 0,8;' with

the pace 6A=0,05 1Jo.1

In Table III meanings of auxiliary function for

A = 0, o,~, 0,5, 0,75/ and 1.0 needed for the computation of

illumination of the horizontal terrace E (AU are indicated.

Spectral illumination is being easily determined now with the

aid of function B(to,i) according to the formula

E (A) = 10 (A) B ( 'to' i),j

where 1s the density of solar radiation falling over

the upper border of the atmosphere. Function is

cited in Table IV, according to recent data (2, J). We quote

the table at full length for values

In the first column of this table

in the second one - values

~ from 0.22 to 7,0 ~

).. are given in microns,

in watts on the square



centimeter on the interval

. - P (k) ==.!... r/0 (>,) d>.. /
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Ak = 1 (.1,/

in percent.

in the th ird one

If one considers an eye, or a recei ver, w.hos e curve of

sensitivity is close to that of an eye, the function flA) appears

to be of the type of (-function, it has a sharp maximum with

The function is figured out for

fo.r the eye. Values To p.) / for the corresponding

A in watts on the square meter on the interval A).. = 0,01 tJ., are

taken from Table IV, the spectral sensitivity of an eye 8(k) ....;

from (1). Values of function to,)., are brought forward in table

I, and the aspect of this function is given in figure 1.

TABLE 1

), 1.1. ••• 0,4 0,15 0,5 0,55
I (A) .. 0,0061 0,836 6,40 19,4

0,6 0,65 0,7 0,75 0,8
11,4. 1,73 0,059 0,0015 0,00

In this case, by using such circumstance that remaining values

under the int egrals in formula (1) change rather slowly, one can

approximately assume that

where
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JW -
20

16

-"2

0,700 A

Figure 1

The Look Of Function f(l).J

If this approximation proves to be inadequately accurate, one

can recommend the chart of computation K, used previously in (1).

Besides the computation of the haze is carried out in the same

manner as above, i.e.

,fD (k) f (>,) dk = '? (ko)f j (k) ,d'i.,I

and two other integrals are computed according to ~/numerically.
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An Example Of Computation Of Inclined Visibility

Range

The condition of the visibility of an object over some background

is determined by the requirement where is

the threshold of a contrasting sensitivity of the receiver. This

formula is instrumental in obtaining such distance from which

the object ceases to be visible, i.e., the inclined visibility

range (IVR). By using cited tables, one can figure out the

inc lined vis i bili ty range for any of above menti oned paralileters

of atmosphere according to formula (1).

In this formula we shall designate (as in (1))

Then

Integrals are values of the power currents,

received by the transducer from the object, the background and

the haz e. The problem in this way leads to the computation

of these three integrals.
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The computation has been made for the following parameters:

S 20 0 3 0 0 4- 0 60 \I 85° ; = 40° (/) = 0° z = 1 .0= -h:.u, 'to = , , u = ,. ,. , ~ , T , , .

2 II 101(.4(..' I

The coefficients of brilliance roO" 0)1 and r ljl (A, 6),\ in the

eXpressions F l and F 2 should be determined in an experimental manner.

Authors have used Yeo L. Krinov's data (4) by selecting as an

object a grass covered with dust (example N 161) and as a background

a gray soil, podsolized (example No • .320). Not having available

values r(>..),\ measured wi th various e the authors, with computations

of IVR used r(A),i obtained by Yeo L. Krinov with one vertical angle.

This has not brought a significant error in our computat ions, as

the obj ect and the background can be es ttmated approximately

orth otropi c.

Data according to r~\ and rljl', from (4) are cited in Table 2.

TABLE 2

A'!'. .0,4 0,45. 0,5' 0',55 0,6 0,65 0,7 0,75
ro .0,031 0,044 0,049 0,081 0,071 0,068 0;150 0,3801
r<Jl .0,037 0,037 0,043 0,049 0,060 0,060 0,079 0,122.

At firs t they computed the integral F.3' by us ing table 1.

Its significance in absolute values are obtained as follows:

watt/m2 steradian.

For more exact computat ions a spectral bri lliance of the haze

DO·), should be taken. For the approximate computations with

such accuracy which is .~ffered by the theory evolved in (1), one
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can use the haze calculated for A~ - O,550 1L. I In the case under

cons iderat ion the bri lliance of the haz e D with A = 0.2 (as the

nearest for the object and background) and wi th corresponding

significance of the above-mentioned parameters, has been used.

When integrals F l and F2 have been computed the values of

T61 and '<\Ii (Table 2) have been us ed of the auxi 1 iary f unc t ion

with A = 0.2 and with corresponding parameters (Table III),

of the spectral transparency T (Table II) and functions f~~

(Table 1).

Obtained values of contrasts K for various heights zj and

sighting angles e are cited in Table III. Distances L in

kilometers, comput ed according to formula

have also been given there.

The relation of the values of contrast K to the distance L
"

for various heights z has been presented in Figure 2 - 4. Those

L, for which K=e=2%
.) have been shown there by a dotted line.

Thus as far as the atmospheric condition in the case under

consideration is concerned the following values of the inclined

visi bility range (IVR) were obtained in presence of which the

obs erved contras t of the grass agains t the background of the

soil is equal to the threshold one:

Z "J,t . (HllB) ".It

1 8,5 I
2 14,9 ' '

10 57,5

With the larger L the object will not be visible.
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The Relation of Contrast K to Distance L for the Height z = lkm

6 =0°
L K.Al :1 1,0 2,0 10;0.
KOfo 15,9 12,7 9,8

.0 =40~
L' KM

:1
1,31 I 2,61 13,1

KOfo< 14,5 II,S 8,6

" 6 = 60°
.- L K.1l 2,0 L ,1,0 20,0. "IK 0(0 " . 10,6 8,0 5,6 '. ' ..

6 =85"

.LK.Al· ••• lll,5\, 22,9
KOfo '.' .-.. 1,1 , . 0,5

'I :.'

I
.114,5

0,2. . .
. , .
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Figure 3
Relation of Contrast K to Distance L for the Height z'~ 2 km
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Figure 4
Relation of Contrast K to Distance L for the Height z = 10 km
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The Relati on of the Brilliance of Atmospheric Haze to Albedo

Tables of haze, computed here, together with the values D,

published in (l),make it now possible to determine D with the

error of not :more than 3% for any values A - from 0 to 1. To

illustrate some results in figure 5 - 6 are shown relations of

D to A for one of the cases of the condition of the atmosphere

(So = 50 km, 'to = O,2)J In Figure 5 are cited curves for levels z;

equal 2, 5 and 10 km, in the presence of ',1\1'--:-0°, i=60o, 0'=60°;\

in Figure 6 - curves in the presence .of t\1'=90o, i=4(j°, 6=60°/

for some levels.

It is apparent from the drawings, that in all the interval

A an approximate linear increase D with the increase of A takes

place, especially in the interval 0 - 0.75i for A> 0,75/ the

increase D with the increase of value A is steeper.

In Table 4 the significance of value liD1 (with respect to

the deviation from linear motion) is cited with A = 0.5. 0.75/

and 1.0 in percentage. In Figure 5 and 6 the linear motion

D(A) is marked by dotted lines, and the computed one by solid

ones.

D (A) - D*(A) I
liD=---; 100 D(~'

By D*(A) the linear function has been designated

D';'(A)=(~~)~-'I-b(O) \
. .
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with slope (~~-),I corresponding to section (0-0,20).', Data in

Table 4 are indicated for six curves (Figure 5 and 6).

TABLE 4

Sa = 50 "to = 0,2
tJ.ep = 00 i = 600 0 = 600

A=O,5, I A=O. 75 1 A=l,O

12,2
15,7
1fl,7

9,8
12,7
13,1

7,1
9,6

IO,()

So = 50 ~" = 0,2
. ~ep = 90

0
i = 40

0
6:..-: fiO° . \

A=o,sl A=O,7S'\ A=l,O' '.;:

I
I

I
1

14.4
13,4 '
12,5

7,7
7.8
7,2

6.3
4,2
2,7

2
5

.10 .

Z KoM.

The indicated conformi ty to the established rule is approximately

observed also in other investigated cases of the state of atmosphere.

Thus, with rough estimates the function (D(A)) for any values of

A can be replaced by a straight line. Tables are indispensable

for accurate computations.

The linear motion of function D(A) approximately signifies in

the mentioned field A, that the derivative dOl
dAj is almost

permanent here. This can be also directly seen f rom the formula

for
dO,
dAl



-16-

In the investigated field of the values of parameters the

right side (2) ch~nges a little.

Some errors slipped in previous ly pUblished tables:

1. V. V. S lolev. About the dis pers ion of light in the

atmospheres of Earth and planets. Schdarly notes of the Liningrad

State Universi ty, series of mathematical sciences, issue 18, 1949.

[)t--,-----,----r--.:.......--"7l
.Q/SO t---j----l---I----",.,L.-l

QlOO I---+--="-=-+"?':"'~:_+--:"-+---l

aoso r---=:J;;..~==--j---+~--1
./

i.. .;
.' I

o 05

Figure 5

D.75 '-. lOll ." i

Relation of the Brilliance of Atmospheric Haze to Albedo for
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lJ
Q200

ZeIOH"":;

Z=5H"'-
, 0/50

Z"2HM
QlOO

" (

,
0.050 " I

o 0.2 0.7

Figure 6

Relation of the Brilliance of Atmospheric Haze to Albedo for

Various Heights with So ='50 lOt;'

In Table 1 instead of 1.955 should be

1. 955.
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I.K.S. Shifrin, I.N. Minin. The theory of nonhorizontal

visibility. Transactions of the GGO, issue 68, 1957.

In the supplement 3 (Table D ):
0

a) at the tip instead of 1; it should read ~o

instead of 1:1> it should read q=:-'!TO'

and

b)

instead of 0.0199 it should be 0.0109;

c) with 0:-20°, i=20o, 'to = 0',2, q=O,4! instead of

0.0202 it should be 0.0263.
,..

In the s upp1ement (4/'( Table D) on page 62 instead of

it should read So= 10, 'to = 0,3.. 1

Aside from this, some\data in Tables D (supplement 4) should

be corrected in a following manner:

"Case:

_p_age-.:I'=s=o....,--I.-TO-.I-l--,I~~:-o -I-t.'f-+I~z-
.Printed I ,ShOUldI

. be

50 . 50 0,2 20 85 '·,0 0,5 0,0899 0,106
\ ..

..... 1,0 0,146 0,162
1,5 0,182 0,196.

.. '.' 2,0 .0,20·1 '0,218- 2,5 0,218 0,229
/' . 3,0 0,231 0,241

85.' 90 0,5 0,0819 0,0973
1,0 0,132 0,147
1,5 0,165 0,179

!~, 2,0 0,178 0,198
2,5 . 0,184 0, ~;o0.'. 3,0 0,188 ' . 0;218

85' 180 ' 0,5 0,0842 0,100
I. 1,0 0,137 0,141
I~· . l " 1,5 0,170 0,184
r I',

' .. 2,0 0, HJO 0,20'1
.,.

/'
2,5 0,204 0,214

.. ,
3,0, 0,216 0,225
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Case IPage; 1-
0

I---;~l--~-";'- ,_.- iPrinted\ Should i
. So I ~O' I be

l 40 60 ° 0,5 ,0,0156 O,O?15

r
/-., . 90 0,5 0,0151 0,(1210

51 50 0,2 40 60 180 0,5 0,019'( 0,0253
80 85 ° 1,5, 0,275 0,29'(

52 50 .0,2, 80 85, ' ,90 1,5 0,0523 0,0623
.- 180 1,5 ' 0,0917 0,104

52 20 0,2 20 ,0 0 0,5 0,0111 0,0197
90 '0,5 0,0111 0,0197

.. 180 0,5 0,0111 0,0197
53 20 '0,2 ' 60 40 0 0,5 0,0282 0,0171

1,0 0,0318' 0,0251
1,5 0,0594 ' 0,0292

, . 2,0 0,0522 0,0313
.. 2,5 0,0552 0,0331

3,0 0,0573 O,03·IS
..... '" 5,0 O,OG36 0,0382

: ') '. 7,5 0,0692 O,O'U5
~ 10,0 0,0740 ' 0,0428 '

53 20 0,2 60 40 90 1,0 0,0232' 0,0242
1,5 0,0387 0,0282

10,0 0,0423 0,0412

54 20 0,2 60 40 180 1,0 0,0291 0,0301,
", \. 1,9 0,0,156 0,0351

. . 2'0 0,0375 0,0381'>._-.. ,~-",,,to'o
0,0531 0,0520, ,

\
80 85 0 1,0 0,382 ." 0,333

90 0,5 0,0545 ' 0,0523
/

/
~ . 90 '.1,0 0,0716 0,0668

180 1,0. 0,0976 0,0886

57 ,50 0,3 20 0 0 7,5 0,0744 0',0829
" ' " 90 7,5 0,0744 0,0829

'" .18\ ' '7,5 0,0744 ' 0,0829 ~

'... . ')

40 o • 1,0 0,0265 0,0242
90 \ 1,0 0,0243 0,0283 '

180 1,0 0,q313 0,0290 ' '
"

60 0 3,0 0,0726, 0,0791
, ,

90 3,0 0,0749 0,0857, ... (,
" 180 3,0 0,0814 0,0885 "

51 50 0,3 20 85 0, '0,5 ,- 0,0844 0,112
90 0,5 0,0730 0,102

180 . . 0,5 0,0791 Q,105.
{

40 '85' , 0 0,5 0,0888 0,122
, 1,0 0,170 0,188

1,5 0,209 0,234
of' 2,0 0,242 0,263

2,5 ' 0,270 . 0,285
3,0 " 0,289 0,298
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./

Case
Page; Printed; Should l

So I TO I I o· I t:!'f I z be

,/

58. 50 0,3 40 ' 85 90 0,5 0,0658 '~\'o!Y5L .'
1,0 ·0,127 . 0,139
1,5 0,155 0,174 ,.
2,0 0,178 0, J!)4

I
,. 2,5 0,198 0,210

.!
3,0 0,209 0,218

180 0,5 0,0719 0,102
1,0 - 0,138 / 0,152
1,5 . O,IG9 - 0,189
2,0 0,195 0,212
2,5 0,218 0,230
3,0 0,234- 0,239 :

59 ,50 0,3 ',80 0 0 10,0 0,0228 0,0242 I
90 .~g:g . 0,0228 0,0242 !

, 180 0,0228 , ~,0242

59 50 0,3 80 85 0 3,0 .O,2g3 0,316
90 3,0 O,Ogl5 0,0853

180 ·3,0 0,123 0,132
"

61 20 03 85 0,5 0,214 0,251
,'.

.80 0,, . , , 1 0 0,.'340 0,43,5 \
1:5 0,127 0,541 \

2,0 0,490 0,645' .
2,5 0,546 0,721 .
3,0 0,.583 0,771

·f.
. , .. 5,0 0,670· 0,895

. \. 7,05 0,735 0,973
... . .\; 10,0 0,777 1,029

.,
,' ..

90 0,5 0,0549 0,0565
1,0 0,0793 0,0864 .

'./" 1,5 0,0930 0,103
.... , ' 2:0 0,102 0,116

."

.. '

, '.
2,5 0,110 0,126

, 3,0 0,114 0,133
./ 5,0 0,125 0,148

: 7,5 0,133 0,15& ..
J

. , 10,0 0,138 0,165

180 0,5 0,0716 0,0771
.

"
' ,

1,0 0,107 0,123
1,5 0,128 0,149

- .
2,0 0,143 0,1'72

\.
2,5 .0, ISS 0,189

'.' I

3,0 0,163 0;200 /'
I· 5,0 0,182 0,221

7,5 0,196 0,244 .
10,0 0,205 . 0,256 ....
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Case' \J

Page ,Printed:,1 ShouldI
=1

So -I I
I3'--be ,

'to 0 6'f z

65 '-10 . 0,5, , 40 40 0 0,5 0,0387 0,0,140
.. 1,0 0,0608 0,0691

1,5 0,0742 O,OSSl
2,0 0,0824 0,0950
2,5 0,OS8,1 0,101 -
3,0 , 0,0917 0,106
5,0 0,0983 0,114
7,5 0,101 0,117

10,0 0,103 0,120.
65· 10 '. 0,5 40 40 90 0,5 0,0.'388 O,OHI

1,0 0,0608 O,OG!H
1,5 0,0712 O,08S1

, ; 2,0 0,0825 0,0951
2,5 0,0885 0,102 ."..' 3,0 0,09\8 0,106
5,0 0,.981 0,114, 7,5 · 0,101 0,117, .
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TABLE IV--

SOLAR SPECTRUM ON THE ATMOSPHERE'S BOUNDARY LINE

\.
-- ,

>

I' (A)iA /0 (A) , . P (A) ). /0 (A) A /0 (A) PeA)
, -

-,
~~

0,22 0.0030 OJ 02 0,455 0.219 16 7 0,85 0.1003 61.7
0,225 0.0042 0.03 0.46 0,216 ' 17:5 ,0,90 ' 0,0895 65,1
0.23 0,0052 0,05 0.465 0,215 18.2 ' 0.95 0.0803 61:1,1 '
0,235 0,0054 0,07 0,47 0,217 19.0 1,0, 0.0725 70,9
0,24 0,0058 0,09 ' 0.475 0.220_. 19.8 1•I ' 0,0606 75.7
0,245 0,0064 0.11 0.48 0.216 20.6 1,2' 0,0501 79,6
0.25 0,0064 0,13 0,485 ' 0,203 21,3 1.3 0,0406 82;9

. 0,255 O,OiO 0,16 0.49 0.199 22,0 1,4 0,0328 85'.5
0.26 0.013 0,20 0.495 0.204 22,8 1.5 0.0267 ' 87,6
0,265 0.020 0.27 0,50 0,198 23,5 1.6 0,0220 89.4
0,27 0,025 0,34 0.505 0,197 . 24.2 1,7 0,0182 90.83' .
0,275 ,Q,025 0,43 0.51 0,196 24,9 ' 1,8 0,0152 92.03,
0.28 0.024 0,51 0,515 0.189 25.6 1,9 0,01274 93.02
0.285 0,034 0.62 0.52 . 0.187. , 26,3 2.0 0,01079 93,87
0,29 0,052 '0.77 \ .0.525 0,192 26,9 2,1 0,00917 9·1.58
0,295 0,063 ,0,98 ' 0,53 0,195 ' 27,6 . 2,2 0,00785 95.2(} .

" ' 0,30 0.061 1.23 0,535 0,197 28,3 2.3 0,00676 95.71
0.305 0.067 .. 1.43 . 0,54 0,198 29,0 2.4 0,00585 96.18··· ..
0.31 0.076 1,69 0.545 0,198 29,8 2,5 0,00509 96.57 "

'0,315 0,082 ' 1.91' 0,55 0,195' 30,5 2.6 0,00'1 !5 96,90
0,32 0.085 2,26 0.555 0.192 31.2 2,7 0,00390, fJi.21·;

. 0.,325 0.102 2.60 0,56 0,190 31.8 2,8 0,00343 97,'47
0.33 O,1l5 3.02 0,565 0.189 32,5 2.9 0,00303 97,72
0,335 O,I11 3.40 0.57 0,187 33,2 3.0 0,00268 97.90
0,34 0.111 3,80 0,575 0,187 33.9. 3.1 ' 0,00230 9R,08
0.345 0.117 4.21 0.58 0.187 34,S 3.2, 0,0021-1 98,24
0.35. " 0,118 4,63 ' 0,585 0.185 35,2 3.3 0,00191 93.39
0,355 0,116 5,04 0,59 0,184 35,9 3,4 0.00171 98,52
0.36 0.116 5,47 0•.595 0,183 36,S 3,5 0,001.53 9'3,63

.0,365 0,129 5.89 0.60 0.181 37,2 o' 3.6 O,OOi:19' 9S',74
0,37 0.133 6,36 0,61 0.177 38,4 3,7 0,0012;) . 93,83
0,375 0.132 6,84 0,62., 0,174 39,7 3,8 ' 0,00114 98,91
0.38 0.123 7,29 0,63 O,17D 40.9 3,9 0,00103 9.8,99
0.385 0,115 . 7,72 ,0.64 0.166 42,1 . 4.0' 0,00095 99,05
0,39 0.112 8.13 0,65 0,162 43,3 4,1 0,00087 99.13·
0.395 0.120 8,54 0,66 0.159 44,5 4,2 0,00080 99.18
0,40 0,154 9.03 0.67 0,155 45,6 4,3 ' 0,00073 99,23 '
0,405 0,188 9,65 0,68 0,151 46,7 4,4 0,00067 99,29

, 0.41 0,194 .10,3' 0,69 0.148 47,8 4""Y 0,00061 g!} .33
0,415 0.192 11,0 0,70 ' \0.114 48.8, 1.6 0,00056 9!J,38 '

,

0,42 '0,192 I1,7 0,71 0,141 ,l!) 8 4,7 .- 0.00051 99,41
0,425 0,189 . 12,4 ·.0,72 0.137 56;8 .4,8 0,000'18 00,45
0,43 0.178 13.0 0,73 0,13-t 51,8 4,9 o OOOH 99,18
0,435 0,182 13,7 .0,71 0,130 52,7 5,0 U;00042 99,51
0,44 0.203 11,4. 0,75 0,127 S3,7 6,0 0,00021 99,74
0,44'5 0,215 ' 15,1 0,80. 0,1127 57,9 7,0 0,00.012' 99,86
0,45 . 0,220 15,9 .

!
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PART II---

TABLES OF THE BRILLIANCE OF DAYTIME SKY

L Chart of the computation and description of tables.

The knowledge of the distribution of brilliance over the

canopy of the sky is required for many practical problems in

the field of meteorology, illumination engineering, biophysics

(for example in computing the arrival of radiation dispersion

on the slopes, for the computation of the illumination of

bUildings and for a number of other problems). Experimental

investigation of this matter is connected with great difficulties

due to the labor-consuming surveys and their duration (1 - 5).

Theoretical computations of the distribution of brilliance

over the canopy of sky, based on the theory of light dispersion

in the atmosphere, considerably simplify the problem (5).

However, a rigid theory of light dispers ion in real atmosphere

is complicated and awkward.

Computations can be carri ed out in a much simpler way for

the conditions of the Rayleigh atmosphere, though their results

in majority of cases are for away from reality. By not

concentrating over numerous theoretical tasks pertaining to the

light dispersion in the real atmosphere, we shall demonstrate

that the most convenient is the method of approximation of

v.v. Sobo1ev (6).

V. V. Sobo1ev obtained formulae, determining the coefficients

of brilliance of the flat layer of haze enrivonment with any
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of its optical thickness, with any form of dispersion index and

with any reflectance of the surface adjacent to the layer.

The computat ion of the dis tri but ion of bri lliance over the

daytime, cloudless sky has been carried out according to

v.v. Sobolev's method. Formula for the coefficient of brilliance,

developed in (6), has the form of

a ~O i '?) = [(1 -- A.LR (t'l!.~L-:I- 2A] .~~o' i). _ .!. (e -'o~CC 8+e- t.~CClr+ \
, , ,4 + (3 - XI> (1.- A) ~o . 2 .\

' .-~ [X ('0 ~ (3 +XI) cos 0 cos i) ao (6, i). . (1) ..

Here A - is albedo of the underlying surface (. (' lambert

reflection is assumed) "01 is the optical thickness of the

atmosphere or the commo"n attenuation factor of the atmosphere

in the vertical direct ion, i-is the zenith distance of the

sun, 0 - is the zenith distance of the investigated point of

the sky, R - is the function determined by a formula

R (. ') 'I t- 3 '-' (1 3 ,), -f.SCC' "
t e• t = - 2' cos t ....r: - T cos t .e. . '

"

x (1) 1 is the dispersion index, that expresses the probabili ty

of the radiation dispers ion by the elimentary volume of

surroundings at an angle Ii. to the falling raYs.

The dispersion index is ass umed to be standardized, i .>e.,
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..2- r"X(i)Sin,d,=.l. ;'
2 • . '

o

The angle II can be found according to formula

cos, = cos 0cos i + s~n 0 sin i cos Cf, (2)1

:9/ is az tmuth, X, - is the value, conveyed in the formula

is the coefficient of brightness for the spherical

dispersion index stipulated by dispersion of the first order •

. / .. ' 1 e-<oseci _ e-to seeO !
0 0 (0. t) =- -

. '- . ,4 cosi.-cosO .

The coefficient of brightness 0(6, i.1')! charac t er i z es

distribution of brightness over the cloudless sky, in relation

to the sun's elevation over the horizon, to the transparency

of the atmosphere, to the form of dispersion index and to the

albedo of Earth's s~rface.

Computations have been conducted for

following values of initial parameters:

f.or the

1) 0: from 0 to 90 through 10 0

2) i from 0 to 90
0through 10

3) A from 0 to 1 through 0.1

4) s and 'to\ for same eight cases of atmosphere condition
0

as the brightness of the haze (Part 1).
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has been tabulated in (6), and authors

Used its values in their tabulations. Medium dispersion indices

f rO'lil 0 to 180 through 10 0 for the eight cond i tifbns

of the atmosphere have been ci ted in the work (7). By proceeding

from the data of table 13 (7), the authors computed ,4(~1 for

all 1./ from 0 to 180 0 through 1 0 (Table VII).

Values 0iJ.i co!'responding to assigned va1uationsTo\ and i

(or 0), are ci ted in the work (6). Here, tables "0\ (for TO'\

equal to 9.2, 0.3, 0.5) are reproduced indispensable (also

values X (I)! with the computation of 0\ for other azimuths

(Table IV).

Coeffi-cients of brilliance 0\ have been computed for three

azimuths <p: 0, 90, 180°.1

Angles 11 in these case, according to formula (2) have

been computed -'lik~ this:

1) if (we look at the s un) so

I =c= 0 ._-- i with fJ > i ;
.''( ==~ i -_. 0 ;'ith i > 0 ~

(we look away from the s un, the s un is

behind our backs, so

Computed coefficients of brilliance for corresponding

parameters in comparative units have been presented in Table

V. Coefficients of brilliance of any point on the canopy of
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the sky in relation to the zenith can be obtained from the

Table (for this, values 01 with various OJ and i unde r

consideration should be divided by

the same 1).

0\ with 0=00\ a~d wi th

One can see from the Table V that:

1) wi th the increase of albedo the coefficients of brilliance

rise in a monotone function for all investigated cases

of atmospheric condition;

,If

\ /,,'
, '

..

-,

8"
9

Figure 7

Distribution of Brilliance Over the Cloudless Sky in the Vertical

and countervertical of the sum for winter conditions
(So = 20 K.AI, 'to = 0,2, A = 0;7).

a) i = 70°; 6) I::: 80°, I
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2) in all investigated cases two maximums of brilliance

near the s un and at the horizon are distinctly obs erved;

3) wi th the ident ical 'to\ and the decreas ing So and

vice versa, with identical So' but increasing

the coefficients of brilliance increase for all 9\ and A;

4) with i = 0 coefficients of brilliance, with 0, A, So

'to \ under consideration coincide for all azimuths

?\ 1.e., isophots in this case will serve as concentric

circles, parallel to the horizon's line.

Diagrams and isophots cons tructed according to computed

values 0\ may offer more descriptive presentation about the

under winter conditions (A = 0.7, i = 70

distribution of brilliance over the cloudless ,s·ky. As an

example we shall cite figures 7a and b and Sa and b, where

the distribution of brilliance ove~ the cloudless sky has been

given for two azimuths 1'=;01 and 180 0 (in the vertical and

countervertical of the sun) with the atmospheric condition

S = 20km, 'to = 0.21o

and 800
) and under summer conditions (A = 0.2, i = 40 and 60 0

).

In figure 8a and b, the scale has been increas ed twice.
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..,"

,40

50
60

'70. .'

8'
20 /0

, .

~""=-.:-~ 80.. aO_"::';;'__-L '-";;= 4::::::;:;..--~-dr

;'

. 80

.1I ra- o· .
rr

fO fO

30
... -.' .

.' .~'. '.

Figure 8

Distribution of brilliance over the cloudless sky in the vertical

and countervertical of the sun, under summer conditions
(So";' 20 f(.1~, 'to ~ 0,2, A = 0,2)'1'

a) i = 4Qo,"'.t?) i = 60°.,
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The presented drawings distinctly confirm the deductions

made about the character of the distri bution of brilliance over

the cloudless sky.

The Examp le Pertaining to the Computat ion of Bri 11 iance of

Dayt ime -Sky for Various Az imuths

In order to construct the isophots of brilliance, it is

necessary to know the coefficients of brilliance for various

az imuths. Presented tables can be used for computing coefficients

of brilliance ~I for any '.p.\ From the formula (1) it can be

seen, that only dispersion index X (1)/ depends on the azimuth 1'!

Therefore for the computation of 0'1 for any Ifi the following

formula can be used.

0' = " - ,,(} lX ('r) -- X (1)'], (3) ;

where 0'; is the desired coefficient of brilliance wi th the

the dispers ion index for this cp, o~

parameters

for any

~,\ i,'\
cp, X (rY :..\

"Co' I A under consideration

is the coefficient of brilliance wi th the spherical dispersion

index O~'I is the computed coefficient of brilliance w'ith 1'1

equal to 0.90 or 1800
•
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FIGURE 9

: '.
.1

Isophots of Brilliance of Cloudless SkySo=20 K),(, 'to = 0,2, A =O,7,.i=70o.j

FIGURE 10

Isophots of Brilliance of Cloudless Sky, So=20 1(.11, 'to~O,2, A=o,7,l=8?O,-1
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x ('0\ are prese nt ed in Table VI and VII.

Significance of the angles of dispersion '('\ comput ed by us

for all i, 0 (from 0 to 90° through 10°) and

180° through 15°) is presented in Table VIII.

't\ (from 0 to

FIGURE 11

Isophots of Brilliance of Cloudless Sky SO=20/{.J,f'~J=O.2,k..-=0,2. i=40°.\
'\
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FIGURE 12

Isophots of Bri lliance of Cloudless Sky So = 20 l(Jf, 'to = 0,2, A = 0,2.1 = 60°.\

for

as

ep> 1800 I the coeff ic ients of bri lliance are not computed



-39-

As an example for the computation of coefficients of

brilliance for various azimuths a'/ have been computed according

to formula 0) for cas es s tmi lar to these 'in Figure 7 and 8.

Values X(I)\ and X (I)' I were taken from Table VII and VII,

ao\ from Table VI a{ from Table V.

Values X (y)\ ,and al were taken with If ~-- 0°1 (one can use,

these values and with (,:>1 equal to 90 or 1800 accordinglY) • In., ,

Table IX results of these computations are cited in the same

units as the data in Table V.

Isophots, presented in Figure 9 ~ 12, have been constructed

according to computed values of the coefficients of brilliance
, I

a: The comparison of these isophots with experimental data

0, 5) has shown that the results are complying well among

thems elves.

Similar isophots can be constructed under any case of

atmospheric condition and underlying surface, for which basic

tables of the coefficients of brilliance 01 (for

90 and 180 0
) have been computed.

The following formula, resulting from (6, 7)

[, (>.)' ,( watt\' ',-
B(>") =-0 _o-cos£ th' 1
.' I. n; CM2 steradian\ on ,e lnterva

6.>..:- 1\-').1 should be used for the purpose of computing the

bri lltance of daytime cloudless, SIDS: 8 (X)'\ - in absolute units.
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Here I (X)\ is the density of the current of solar radiation,
o

dropping over the upper border line of the atmosphere. Values

of function 1
0

().)I have been places in Table IV.
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